Superoxide free radical and intracellular calcium mediate A beta(1-42) induced endothelial toxicity.
The 39-42 amino acid residue amyloid beta peptide (A beta), the major protein component in senile plaques and cerebrovascular amyloidosis in the brain in Alzheimer's disease (AD), has been shown to be neurotoxic in vitro. Accumulating data from several areas suggest that cerebrovascular dysfunction and damage may also play a significant role in the AD process. For instance, we have recently demonstrated enhanced vasoconstriction and resistance to relaxation in intact rat aorta treated with A beta [Thomas et al., beta-Amyloid-mediated vasoactivity and vascular endothelial damage, Nature, 380 (1996) 168-171]. Significant vessel damage occurred after thirty minutes of exposure, but could be prevented with superoxide dismutase. To further investigate the role of A beta toxicity on endothelial cells, we have applied A beta peptides to cultures of human aortic endothelial cells (HAEC). Our results show that both A beta(1-42) and A beta(25-35) are toxic to HAEC in a time- and dose-dependent manner, and that this toxicity can be partially prevented by the calcium channel blocker, verapamil, and the antioxidant, superoxide dismutase. The common form of A beta, A beta(1-40), which has been shown to be neurotoxic, is much less toxic to HAEC. A beta toxicity to HAEC occurs within 30 min of treatment with relatively lower doses than those usually observed in primary cultured neurons and vascular smooth muscle cells. It was recently reported that a variety of mutations in the beta-amyloid protein precursor gene and the Presenilin-1 and -2 genes linked to early-onset familial AD cause an increase in the plasma concentration of A beta(1-42) in mutation carriers [Scheuner et al., Secreted amyloid beta-protein similar to that in the senile plaques of Alzheimer's disease is increased in vitro by the presenilin 1 and 2 and APP mutations linked to familial Alzheimer's disease, Nature Med., 2 (1996) 864-870]. Human aortic endothelial cells are more sensitive to A beta(1-42) than A beta(1-40), via a pathway involving an excess of superoxide free radicals and influx of extracellular calcium. Finally, we have evidence that both apoptotic and necrotic processes are activated by the A beta peptides in these endothelial cells.